coated stir bar were combined in a Schlenk flask. THF (30 mL) was added via syringe and the solution was refluxed under argon with vigorous stirring for 24 h. In air, the precipitate was isolated on a medium-pore glass frit, washed with THF (20 mL), Et 2 O (20 mL), and then dried under high vacuum overnight to afford the analytically pure 1 as a pale pink solid (573 mg, 83% based on Ru). Note: without excess PPh 3 present during synthesis, the resulting product was not analytically pure. In ethereal solvents such as THF or DME, there was always PPh 3 =O present in the washings during workup, even though all precautions were taken to exclude air and moisture. The addition of excess (±)trop 2 dach increased product yield without compromising purity. The product is air and moisture stable and insoluble in common organic solvents. X-ray quality crystals were obtained by reacting enantiopure (S,S)-trop 2 dach with RuCl 2 (PPh 3 ) 2 in DME in an NMR tube under argon without stirring at 60 °C, after which pink needle-shaped crystals formed. EA Found: C 63.3, H 4.9, N 2.0. Calc. for C 72 H 64 Cl 4 N 2 P 2 Ru 2 : C 63.4, H 4.7, N 2.05%. Solid-state CP/MAS NMR: δC{ 1 H} (18 kHz) 141.4-127.9 (C ar , C quat ), 92.4-61.9 (CH olef , CH dach , CH benzyl ), 39.9-25.3 (CH 2 , overlapping with spinning sideband). δP{ 1 H} (18 kHz) 59.6-48.1 (PPh 3 ). 1 H NMR did not reveal any resolved signals. mp 275-277 °C (dec). IR (KBr): ν max (cm -1 ) 3214w (NH), 3055m, 2988s, 2932m, 2849w, 1484s, 1435s, 1090s, 742s, 697s. Figure S1. Molecular Structure of (S,S)-1 with 30% probablility ellipsoids. Most hydrogen atoms have been omitted for clarity. Distances (Å), angles (°), and torsions (°): Ru1-P1 2.282(2), Ru1-P2A 2.23(1), Ru1-Cl1 2.421(1), Ru1-Cl2 2.434(1), Ru1-Cl3 2.504(1), Ru1-Cl4 2.477(1), Ru2-Cl3 2.460(1), Ru2-Cl4 2.432(1), Cl2···H2 2.213, Ru2-N1 2.123 (5) , Ru2-N2 2.135 (5) , Ru2-ct1 2.127(4), Ru2-ct2 2.136(6), C4-C5 1.412 (7) , C19-C20 1.373 (6) ; P1-Ru1-P2A 95.5(4), Cl1-Ru1-Cl2 168.96 (5) , N1-Ru2-N2 80.1 (2) , ct1-Ru2-ct2 99.0(2); C4-C5-C19-C20 -74.8 (5) .
The ruthenium atoms are bridged by two chloride ligands and both metals conform to a distorted octahedral geometry. The bridging chlorine atoms, Cl1 and Cl2, respectively, are slightly closer to Ru2 (2.460(1) and 2.432(1) Å) versus Ru1 (2.504(1) and 2.477(1) Å). Atom Cl2 is canted towards the H atom connected to N2 (Cl2···H2 = 2.213 Å) making the Cl1-Ru1-Cl2 angle acute (168.96(5)°). The trop 2 dach ligand is bonded in a tetradentate fashion to the metal and possesses long Ru-centroid bonds (Ru2-ct1 = 2.127(4), Ru2-ct2 = 2.136(6) Å), which may be due to the strained non-planar coordination geometry of the trop 2 dach ligand. In fact, this is the first instance of a S3 structurally characterized trop 2 (diamine) complex where its tetradentate binding mode is not planar; otherwise trop 2 (diamine) ligands typically bind κ 3 , leaving one trop unit uncoordinated. 2, 6 The dihedral angle generated between the olefin ligands (C4-C5 and C19-C20) are approaching orthogonality (-74.8(5)°).
Ru 0 (trop2dach) (2)
Complex 1 (250 mg, 0.183 mmol) and KHMDS (146 mg, 0.734 mmol), THF (10 mL), and a Teflon-coated stir bar were combined in a 100 mL Schlenk tube fitted with a Teflon screw valve. The argon atmosphere was removed via two freeze-pump-thaw cycles and replaced with H 2 (1 atm, ultra high purity). The flask was sealed and vigorously stirred at 60 °C for 1 h. The H 2 atmosphere was replaced with argon via two freeze-pump-thaw cycles and taken into an argon-filled glove box. The deep brown-orange solution was then filtered through a pad of Celite on a medium-pore glass frit to remove any salts. The Celite pad was washed with 20 mL THF and the filtrate was dried under high vacuum. About 50 mL hexanes was added to the brown residue and the solution was stirred vigorously until the residue became a fine powder (about 2 h). The solid was isolated on a medium-pore glass frit, washed with 20 mL hexanes, and dried under vacuum. The dark reddish-pink filtrate contains RuH 6 (PPh 3 ) 2 7-9 (sample spectra provided below; hydride and phosphorus chemical shifts may vary during different reactions due to the highly reactive nature of these species in solution) and other aromatic products while the brown powder is predominantly complex 2 (108 mg, see spectra). The product could not be made analytically pure due to the persistence of soluble aromatic-and/or polyhydridecontaining byproducts. Complex 2 is soluble in ethereal and aromatic hydrocarbon solvents, but decomposes in acetonitrile, DMSO, chlorinated solvents, and alcohols. Attempts at large scale crystallizations failed due to the highly sensitive nature of 2, which slowly decomposes over the course of several weeks in solution or the solid state. Mass spectral analysis was unsuccessful after several attempts due to the air and moisture sensitivity of 2. X-ray quality crystals were grown by slow evaporation of 2 from a concentrated THF solution. NMR: δH (500 MHz; THF-d 8 
S4

[K] 2 [Ru(trop 2 dach-2H)] (3)
In an argon-filled glove box, compound 2 (0.017 mmol, 10 mg) and KHMDS (0.034 mmol, 6 mg) were combined in a J. Young NMR tube. The mixture was dissolved in THF-d 8 , heated to 65 °C for 30 min and the deep orange solution was then investigated by NMR spectroscopy. The major product 3 was not isolated. NMR: δH (400 MHz; THF-d 8 
[K(18c6THF)][Ru(trop 2 dach-H)]THF (4)
In an argon-filled glove box, compound 2 (50 mg, 0.084 mmol) and KHMDS (33mg, 0.17 mmol), THF (4mL), and a Teflon-coated stir bar were combined in a Schlenk tube fitted with a Teflon screw valve. The flask was sealed, removed from the glove box, and heated at 65 °C for 30 min and then the deep orange solution was cooled to -78 °C. Under a dynamic flow of argon, a solution of 18-crown-6 (44 mg, 0.17 mmol) dissolved in 4 mL Et 2 O was slowly layered onto the solution via syringe. The flask was sealed, removed from the cold bath, and left undisturbed overnight at room temperature, after which large black needles formed (which were also suitable for X-ray diffraction). The deep orange solution was decanted, and the remaining crystals were washed with Et 2 O (about 3 mL), and dried under high vacuum to afford 4 (25 mg, 29 %). The complex is insoluble in THF and hydrocarbon solvents and decomposes in pure DMSO, however 4 is soluble and stable when DMSO is added to a THF solution containing the crystals. Mass spectral analysis was unsuccessful after several attempts due to the air and moisture sensitivity of 4. EA attempts on independent batches of crystals resulted in consistently low carbon percentages during combustion analysis. EA Found: C 62.85, H 6.9, N 2. 
DFT Calculations
Closed-shell DFT calculations were performed using Gaussian 09 (Rev. D.01) 13 at the M06 14 /TZVP 15 /TZVPfit level of theory with QZVP 16 on ruthenium. Either normal (opt) or tight (opt = tight) convergence criteria were used for all optimizations, and a pruned (99,590) integration grid was used throughout (grid = ultrafine). Optimizations were performed in a tetrahydrofuran solvent continuum using the integral equation formalism polarizable continuum model (IEF-PCM) 17 with radii and non-electrostatic terms from the SMD solvation model (scrf = smd). 18 Full vibrational and thermochemical analyses (1 atm, 298 K) were performed on optimized structures to obtain solvent-corrected free energies (G°) and enthalpies (H°). Optimized ground states have zero imaginary frequencies while transition states have one imaginary frequency. Transition states TS 4,5 and TS 5,6 were connected to their ground state geometries by performing intrinsic reaction coordinate (IRC) calculations in the forward and reverse directions. 19 Calculations were performed by the facilities of the Shared Hierarchical Academic Research Computing Network (SHARCNET) and Compute/Calcul Canada. 20 Scheme S1. Additional calculated structures with free energies relative to 4 (see main text). Energies are presented in kcal/mol. 
Solvent-Corrected Free Energies (G, Hartree), Solvent-Corrected Enthalpies (H, Hartree), TS imaginary Frequencies (cm -1 ), and Cartesian Coordinates (Å) of
